Abstract. In Ouagadougou (capital of Burkina Faso), at least 33% of the 2 million inhabitants live in informal settlements. This subpopulation lacks social infrastructure and has extremely low education attainments. Through a two-step control function approach, we investigate disparities in educational attainment between formal and informal settlements in Ouagadougou. We focus on differences in families' behaviour towards schooling in the two settlement types, in particular the trade-off between child quantity and quality. We find evidence of a child quantity and quality tradeoff in both settlements. By adapting the long (2005) group comparisons multiple testing procedure we find that the trade-off is more acute in informal settlement. Moreover, we use the latter strategy to analyze the impact of a Ten-Year Basic Education Development Plan (PDDEB 2001(PDDEB -2011 implemented by the government of Burkina Faso, on educational attainment's disparities between the formal and informal settlements.
Introduction
In developing countries, economic and population growth are concentrated within urban areas informal settlements relatively to formal ones and parents' occupation are very different in the two settlement types. These fundamental differences can lead to differences in household behaviour toward children's schooling between the two types of settlements.
In this paper, we study disparities in schooling between formal and informal settlements in Ouagadougou. We are interested in differences in families' behaviour toward education between the two type of settlements. In particular, we investigate a trade-off between child quantity and quality (Becker and Lewis 1973) in both settlements.
Despite the sizeable literature on economic models of children's educational attainment in the US and developed countries 1 , much less is known on the determinants of these in developing countries, as argued in Glewwe (2002 Glewwe ( , 2008 , and, in particular in African countries. In the case of Burkina Faso, the existing lack of data and a suitable methodology to deal with the endogeneity of family size is particularly relevant. Moreover, to the best of our knowledge, the few existing works on educational attainment in Burkina Faso neglected the presence of unobserved heterogeneity and variability among subpopulations and regions. This paper contributes to filling this gap in the literature. First, we use a recent (2012) database (more than 80,000 individuals) collected by the Ouagadougou Health and Demographic Surveillance System (OHDSS). The objective of the OHDSS is to understand the problems of the urban poor and 1 Among the most prominent are Manski and Wise (1983) , Eckstein and Wolpin (2001) , Keane and Wolpin (2001) , and Hotz and Miller (1988, 1993) .
to test innovative programs that promote the well-being of this population. Therefore, the dataset gathers information on the subpopulations in the two types of settlements in Ouagadougou.
Our second contribution is methodological. In fact, testing the trade-off between child quantity and quality within a family is already complicated by the endogeneity of family size. Moreover, comparing the effect of family size between two different subpopulations can be more complicated because of the presence of unobserved heterogeneity and variability among subpopulations, especially whenever the outcomes of interest are discrete. As pointed out by Long (2009) , traditional tests of the equality of coefficients across groups confound the magnitude of the regression coefficients with residual variations.
To deal with those issues, we, first, use a two-stage control function approach which allows testing the endogeneity of family size in both settlements, and estimating all the structural parameters of interests, what we need for subsequent analysis. The empirical specification takes into account the existence of settlement-specific, unobserved heterogeneity, and we use the presence of twins as an instrument to deal with the endogeneity of family size. In addition of presenting suggestive evidence of the validity of the twin instrument in this study, we apply a more formal test of instrument validity, recently, proposed by Mourifié and Wan (2014) , which does not invalidate the relevance of the twin instrument in our context. Second, to compare household behaviour toward children's schooling on educational attainment between the two types of settlements, we adapt the method of Long (2009) . His method consists of estimating two separate probit models for each settlement type and performing a test based on the predicted probabilities to compare the two settlement types.
This method assumes a probit model in which all the covariates are exogenous. Here, since we have a potential endogenous variable (family size), our constructed control variable allow us to have a valid probit in the second step, and then to compare the two settlement types using Long's multiple testing method.
In 2001, the government of Burkina Faso implemented a Ten-Year Basic Education Development Plan (PDDEB 2001 (PDDEB -2011 with the objectives of improving access to and quality of primary schooling (less than seven years of schooling) and reducing regional and gender-related educational attainment disparities. So, finally, we use our latter strategy to analyze and compare the relative impact of the PDDEB on educational attainment between formal and informal settlements in Ouagadougou.
Our main findings are as following. First, we find a negative causal impact of family size on primary school attainment in both settlement types. Indeed, we find evidence of a child quantity and quality tradeoff in both settlement. However, we find that the trade-off is more acute in informal settlement. This result seems to confirm the usual view where the trade-off is more pronounced in poorer and more credit-constrained regions, see for instance Li, Zhang and Zhu (2005) . Although, to the best of my knowledge it is the first time such evidence is found using African Data. It is worth noting that whenever the presence of specific unobserved heterogeneity is neglected, a naive comparison of the regression coefficient in both groups suggest that the trade-off is more acute in formal settlement. This shows the importance of accounting for unobserved heterogeneity among subpopulations in explaining a variety of phenomena, and providing suitable method to tackle this issue.
Second, we observe that, for families with the same observable characteristics, the probability of reaching the post-primary school level is higher in formal settlements than in informal ones. These differences can be explained mainly by the existence of settlement-specific, unobserved heterogeneity such as school quality for which we do not have any information in our data and the existence of settlement peer effects. This result suggests that there is a comparative advantage to living in formal settlement for children's post-primary school attainment.
Concerning the impact of the PDDEB, our results show that the PDDEB has a positive and significant effect on the school enrolment rate in both settlement types. Unfortunately, we do not find evidence of a significant and positive impact from the PDDEB on post-primary school attainment in both settlement types. However, when comparing the post-primary school attainment between the two settlement types, the results suggest that exposure to the PDDEB reduces settlement disparities in the post-primary school attainment rate. Although, with lack of detailed information on the PDDEB, we can not clearly pointed out which aspects of the program is important to explain its effects.
The remainder of this paper is organized as follows. In the following section, we briefly describe the PDDEB. Sections 3 and 4 present our empirical specification and the data. In section 5, we develop suggestive evidence that the presence of twins in the family is an appropriate instrument to determine the causal effect of family size on children's educational attainment. Section 6 presents our results, and the last section our conclusions.
Brief description of the PDDEB
Burkina Faso is among countries with weakest education systems in the world. In 2000, it adopted an education policy statement : the 10-year Basic Education Development Plan (PDDEB 2001 (PDDEB -2011 .
The PDDEB was intended to enable Burkina Faso to reach the Millennium Development Goal of providing to every girl and boy a complete primary school education by 2015. The PDDEB had three main components. The first component of the program aimed to improve basic education supply and reduce inequalities of all kinds. To reach this objective, the program planned to construct school infrastructure, place an emphasis on girls' education and reduce education costs. The second component aimed to improve the quality of basic education by increasing the competence of teachers, improving the production and provision of textbooks and teaching materials, and developing and intensifying actions relating to health and nutrition of pupils. The third component of the program was essentially administrative. It aimed to improve the planning and coordination of administrative, financials and accounting procedures in order to increase the absorption capacities of the technical services of the Ministry of Education.
According to the statistical yearbooks of the Ministry of Education, the attendance rate in the first grade of primary school increased from 45% in 2001 to 86% in 2011. However, in the same period, we do not observe a desired increase in the success rate on the national exam at the end of primary school (CEP). Indeed, the success rate of the primary school certificate only rose from 62% in 2001 to 64% in 2011.
Our identification strategy allows us to evaluate the effect of the first two components of the program by comparing primary school enrolment and post-primary school attainment for cohorts exposed to the program with those of not so exposed.
An empirical specification
In this section, we present an empirical specification of primary school enrolment and post-primary school attainment, which is based on a two-step control function approach and uses a probit model in the second step.
3.1. Formal vs informal: Settlement-specific, unobserved heterogeneity. As described in the next section, our database covers two types of settlements in Ouagadougou namely, formal and informal settlements. In order to measure and compare the impact of the family size and other characteristics such as PDDEB and gender on school enrolment and post-primary attainment in the two settlement types, we could estimate a single probit model for the two settlements combined, with interactions between dummy (indicator) variables for the settlements and the variables of interest.
Significant interactions would indicate significant differences in coefficients across groups. However, by doing so, we would assume that the unobserved variables between the two settlements have the same variability. Indeed, our outcome of interest is binary, so the model does not allow for different residual variation across settlements; see Allison (1999) for a formal justification of this argument.
A simple analysis of the data shows differences in observable characteristics between the formal and informal settlements, (see Table 1 ). If the types of settlement differ in observables characteristics, it is unlikely that they do not differ on unobserved dimensions as well (see Altonji et al. (2005) for a formal justification of this argument). Moreover, in Table 2 , we perform a test of the standard deviations difference, which shows that, for several observable characteristics used in our estimation, the standard deviations are statistically different in the formal and informal settlements. This suggests that potentially, the standard deviations of unobservable characteristics are different. If so, even if we perform two separate models in each settlement, we could not directly compare the coefficients of interest between the two settlement types because, in a probit model, coefficients are identified only up to scale (see Allison (1999) ).
To tackle this issue, several methodologies have been proposed in the literature, including those by Allison (1999) , Williams (2010) , and Long (2009) . Each of those proposals has some advantages and disadvantages; see Williams, (2011) survey. The first two methods depend heavily on the assumption that the effects of at least one variable in both settlement types is equal. Unfortunately, we have not found such a possible variable in our case. Therefore, we propose to follow the Long (2009) method. This method consists of estimating two separate probit models for each settlement type and performing a test based on the predicted probabilities to compare the two settlement types.
This method assumes a probit model in which all the covariates are exogenous. Here, we have a possible endogenous variable, so we propose to use, for each settlement a two-step control function approach, in which the second step is a probit model, and then to compare the two settlement types using Long's method.
3.2. Identification and econometric specification.
3.2.1. Empirical strategy 1: school enrolment. The model for school enrolment is specified as follows:
(1)
with the following distributional assumption , although the number of children is a discrete process.
However, in our data, as seen in section 4, the average number of children is more than 5. It, therefore, is easier to justify the approximation of this discrete process by a continuous distribution than by the similar works on developed countries in which the average number of children is around 2. We consider N potentially endogenous because the number of children decisions would be based Knodel and Wongsith (1991) , Anh et al. (1998) , Lee (2004) , Li et al. (2007) , and Ponczec and Souza (2012) for studies on developing countries). Here, we consider twin births to be the most appropriate instrument for this study; Indeed, since the average number of children is five in our database the mixed sibling-sex argument seems not really relevant and even if it was the probability to have the first five children from the same sex is very low therefore the instrument would be probably weak. Moreover, in a recent study, Smits and Monden (2011) pointed out that West Africa has one of the highest twinning rates in the world, more than 15 twins per 1,000 birth while the lowest rate of twinning is observed in South America and East Asia with less than 9 twins per 1,000 birth. The vector x in represents the set of all observable determinants of N , including the instrument; e n is the unobserved characteristics which affect decisions about the number of children. We think that this variable will mainly capture the unobserved expected level of education desired by the family. d ∈ {0, 1} represents the settlement type.
The second component of the model (2) represents children's enrolment in primary school. This function is considered to be an index function governing the parents' decision to enrol their child in school or not. Therefore, S i ∈ {0, 1}, which is an indicator function for each child i, takes the value 1 if the child is enrolled in school. It depends on exogenous and endogenous observable and unobservable variables. p si ∈ {0, 1} indicates if a child i reached age 7 during the period of the program (PDDEB S) because the official age for school enrolment was 7 years old at that time.
Many other factors can determine child school enrolment, and we must control for all the observable determinants namely x is . These factors have been widely discussed in the literature, and can be grouped into three groups: children's individual characteristics, family characteristics, and school characteristics. The vector x is contains all observable child and family characteristics for the child i, such as the child's age and gender, the parents' literacy and labor-force participation, and many others (see Table 2 ). Following Hill and Duncan, (1987) , Krein and Beller, (1988) and, BrooksGunn et al., (1993), we construct a proxy variable for family income using an index to summarize the combined effect of a certain number of socioeconomic resource factors. It is important to note that we interact the gender and the PDDEB variables in order to capture a possible gender difference gap; those crossed variables are included in the vector x is . e si is an unobservable variable which mainly captures the opportunity cost to the family of enrolling their children in school.
3.2.2. Empirical strategy 2: Post-primary school level attainment. Similarly for the post-primary school level attainment, we have:
with the following distributional assumption
with w = (p y , x y , x n ) and
where N i , e in , and d have the same definition as in the first model. Y i ∈ {0, 1} models the postprimary school level attainment for every child i who has already been enrolled in school. It takes the value 1 if the child reached the post-primary school level. p yi is a discrete variable which indicates the number of years every child was potentially exposed to the PDDEB (PDDEB Y). For instance, if a child was less than seven years old before 2002, we assume that all his primary schooling (6 years) was exposed to the PDDEB; otherwise, if the child was 10 years old in 2002, we assume that he was exposed to the PDDEB for only two years because 13 is the normal age to start post-primary school. It is worth noting that this variable is a proxy of the real duration of exposure to the PDDEB because some children would have repeated grades
3
. This variable allows us to evaluate the impact of the PDDEB on primary school quality. Indeed, we think that, if the program had a positive effect on primary school quality, children who were more exposed to the PDDEB should be more likely to pass the primary national exam and then to be enrolled at the post-primary level. e yi is an unobservable variable which could contain the school characteristics that we unfortunately do not observe, and the unobserved child ability and the level of parental support. In some recent works, Heckman (2007, 2008) ; Cunha, Heckman, and Schennach (2006) and Heckman, Stixrud and Urzua (2006) found that both cognitive and non-cognitive abilities are important factors in schooling decisions. In the data on developed countries, it is possible to control for a child's ability using IQ tests as a proxy variable, but this is rarely the case with data from developing countries as argued in Glewwe (2002) . As in the school enrolment equation, the vector x iy contains all the observable child and family characteristics which can determine child school attainment (see Table   2 ).
3.2.3. Identification and estimation: Control function approach. To estimate each model, we performed three steps. For the sake of simplicity, we drop the indices d and i in the following formulations and restrict ourselves to Y . We likewise estimate the model for S (school enrolment).
First
Step: From (3) obtain the Ordinary Least Squares (OLS) estimates (β n ,σ n ) of the firststage equation and the standard residualsê n = (N − x nβn )/σ n , whereσ n is a household's clustered standard errors.
Then, rewrite (4) as:
where
Second step: Perform a simple probit model to consistently estimate (α * y , β * y , γ * y , and ζ * y ) and to obtain all the standard deviations from all parameters. After the second step of the control function approach, a third step is necessary to recover the structural parameters from equation (4).
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We think that this proxy will be very close to the real variable because during the PDDEB period, the government decided to forbid repeating grades within primary school.
Third step: Applying the control function approach provides the following relation:
. We calculate the confidence interval of our structural parameters by bootstrapping the structural model to obtain the distribution of the parameters and then, compute the corresponding percentiles.
Thourth step: Applying group comparisons with predicted probabilities.
, 1} the school attainment predicted probability at a given value of z d in the settlement d, where z d is used to specify the realizations of the vector of covariates (p y , x y , N,ê n ) for each
The confidence region for the z-statistics can be computed using the STATA package proposed by
Xu and Long (2009).
Remark 1. If we use the fitted values approach, which consists of estimating an OLS to getN in the first stage and a probit estimation in a second using the following equation: Y = 1{p y α y +x y β y + N γ y + e y ≥ 0}, these two steps will provide only these parameters:
where σ 2 = 1 + γ 2 y σ 2 n + 2γ y σ n σ yn . Note that from α y , β y , γ y , and σ n , we cannot back up estimates of α y , β y , and γ y because we do not know σ yn . Therefore, estimation of the parameters of interest through this method is problematic.
Data
Data for this analysis was drawn from the Ouagadougou Health and Demographic Surveillance System (OHDSS). Launched in 2008, OHDSS is a research platform implemented in five neighbourhoods in the northern periphery of Ouagadougou. In Figure 1 , a map of the city of Ouagadougou shows areas monitored by OHDSS, which are outlined in black. The first two from the bottom are the formal settlements, and the three above them are the informal settlements. The OHDSS areas were chosen to target the most vulnerable populations of the city. The main objectives are to understand the problems of the urban poor and to test innovative programs that promote the well-being of this population. The demographic surveillance consists of regularly updating data on vital events (births, deaths, unions) and migration events. This platform is constructed to contrast the two types of settlements in Ouagadougou, namely formal and informal settlements. Since 2008, OHDSS has covered more than 80,000 individual, half from each type of settlement. OHDSS data contain considerable information on individual and family characteristics. For each individual while data on age, school attendance, literacy, labour-force participation, migrations, and unions are available, the family characteristics concern family's physical assets and living conditions Table 1 presents the differences between the two settlements through descriptive statistics of the entire population monitored by the OHDSS in 2011. The inhabitants of the informal settlements seem to be younger than those in the formal settlements, with a greater share of children under 5 years old. Indeed, more than 20% of the population in informal areas is aged less than 5 years old compared to 15% in formal ones. The informal settlements are also characterized by a less educated population. More than 40% of this population has never been enrolled in school while 37% of the population in formal settlements has a secondary or higher level of education. In term of families' characteristics, we note that informal settlements lack of baseline socio-economic conditions. For instance, there is not an electricity network in the informal settlements, and almost all families use oil lamps or flashlights as sources of light. The national network for water does not exist in these settlements and nearly three quarters of the population uses a public fountains. The other quarter uses drilling or wells as a source of drinking water. In the formal settlements, more than half of the population is served by the national domestic water network. Regarding the material used for the wall of houses, we notice that, in the informal settlements, nearly all houses (99%) are
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For more details on OHDSS, see Rossier et al.( 2012) .
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We obtained similar results if we restricted the sample to those 15-25 years old. In informal settlements, this proportion is approximately 10%. For school enrolment analysis, the exposure to the PDDEB is defined by the fact that, a child reached 7 years at any period of the PDDEB. The results in Table 2 show that, in the formal settlements, 32% of individuals reached age 7 (PDDEB-S) in the period of the program compared to 39% in the informal settlements. The average years of exposure to the PDDEB (PDDEB-Y) is 2.62 in formal settlements and 3.09 in the informal settlements.
Creating an Instrument from the presence of twins in the family
A direct comparison of school enrolment or post-primary school attainment between families of different sizes is unlikely to yield the causal effects of family size on school enrolment or post-primary school attainment. Even if a full set of controls were included in the analysis, the results would be unconvincing. If families of different sizes differ in so many observed dimensions, it is unlikely that they do not differ in unobserved dimensions as well. Table 3 shows the characteristics of the 15-30-year-old sample depending on whether individuals come from a family with more than 5 children (average number of children in the family). As we can see, individuals in the two types of families differ in several characteristics in both formal and informal settlements. Therefore, we can posit that families of different sizes also differ in unobservable characteristics, and we have to take into account the possible endogeneity of the number of children.
We can observe that this difference in observed dimensions of families with different sizes is more pronounced in the formal settlements than in the formal ones. Therefore, we would expect to have a stronger endogenous effect in the formal settlements than in the informal ones.
In this section, following Angrist, Lavy, and Schlosser (2005) and more recently Ponczec and Souza (2012), we develop suggestive evidence that the presence of twins in the family is an appropriate instrument to determine the causal effect of family size on children's school enrolment and postprimary school attainment. To be a "good exclusion" variable for the number of children, the presence of twins in the family must be correlated with the number of children in the family and uncorrelated with the unobservable variables which could affect school enrolment and post-primary school attainment.
Presence of twins predicts family size.
To justify the correlation of the presence of twins and the number of children in the family, we first establish that the number of children is positively correlated with the presence of twins in the family. The first column (1) in Table 4 shows that the average number of children is higher in families with twins: 6.06 vs 5.13 in the formal settlements and 6.21 vs 5.32 in the informal settlements. The presence of twins in the family leads to around 1 more child in the family. A t-test of the difference in the mean of the number of children shows that the difference between the two types of families is statistically significant at the level of 1%.
Further, we perform two types of regressions of the number of children on the instrument. The first is a linear regression on the instrument only, and in the second, we control by adding a set of family characteristics (ethnic group; religion; father and mother age, activities, level of education;
and family standard of living). In Table 4 , the second column (2) First, we examine the possibility of differences between the two groups by regressing the instrument on individuals and family characteristics. Equation (1) in Table 5 shows the results of this regression for formal and informal settlements. We observe that all the characteristics are not significant in both settlements. Indeed, we do not reject the null hypothesis that the coefficients on all of these variables are 0. The corresponding Wald statistic is 13.59 with a p-value of 0.33 in the formal settlements, and 12.60 with a p-value of 0.40 in the informal ones.
We further examine the possibility of a direct and significant effect of the instrument on school enrolment and post-primary level attainment. Equations (2) and (3) in Table 5 show the results for a probit regression of school enrolment and post-primary level attainment respectively, controlled by individual and family characteristics. The presence of twins in the family does not produce a significant coefficient in either formal or informal settlements.
One would think that having twins or not is not random if the family could increase the probability of twins, especially through artificial insemination. However, these practices are not common in the context of Burkina Faso because they are highly expensive and not culturally accepted. (1994) shows that the IV estimand can consistently estimate the average treatment effect (ATE) for the subpopulation of compliers, namely, the local average treatment effect (LATE). MW proposes an easy implementable test to verify the validity of those two conditions. Please see MW for more details. Although, MW's test can also be implemented for a discrete non-binary treatment, we dichotomize the number of children in order to avoid to have few observations in every subgroup.
The model can therefore be written as follows:
is the observed treatment indicator of the individual i, D i takes the value 1 if the child is in a family with more than k children. (Y i1 , Y i0 ) are potential outcomes, in other terms Y id is the school attainment level of a child i if he had been externally assigned to a family where
Let Z ∈ {0, 1} denote the twin instrument. It takes the value 1 if the presence of twin between the k first children. For each z ∈ {0, 1}, let D z be the potential treatment had the Z been exogenously set to z. With this notation, we can also write the observed treatment
The two well-known identification assumptions for LATE as introduced by Imbens and Angrist (1994) are restated as the following:
(2) (Monotonicity) D 0 ≤ D 1 almost surely.
We perform MW's test to assess the validity of those assumptions for k ∈ {2, 3, 4, 5}. We perform the test with and without controlling on the covariates. As can be seen in Table 6 the tests do not reject the two latter assumptions in both cases. 6.1.1. Formal settlements. In the formal settlements, the results suggest that the number of children is endogenous with respect to children's school enrolment. Indeed, the covariance between e n and e s is 0.46, within the 95% confidence interval [0.19 0.87] (see Table 7 ). We note a negative causal impact of the number of children on the school enrolment for the compliers. Indeed, the point estimate of -0.37 with a confidence interval of [-0.64 -0.20 ] reflects the negative effect of family size on children's primary school enrolment for families who have had more children than they otherwise would have because of twinning.
Similarly, the results suggest that, the number of children is endogenous with children's postprimary level attainment. The positive sign of the correlation indicates a positive correlation between parental support and the level of education desired by parents in this settlements. We also note a negative causal impact of the number of children on the post-primary school attainment. Please see Table 8 .
This endogeneity of the number of children in both primary school enrolment and post-primary school attainment suggests that in the formal settlement, parents consider children's education when deciding on the number of children. This behaviour can be explained by the relatively high-level of parents who are educated. Indeed, 36% of mothers have at least a primary-school level education, increasing to 46% for their husbands (see Table 2 ).
Basically, we observe the existence of a tradeoff between the quantity and quality of children (Becker and Lewis 1973) in the formal settlements.
6.1.2. Informal settlements. Unlike in the formal settlements, the results indicate that there is no endogeneity in the number of children on both primary school enrolment and post-primary level attainment in the informal settlements. (see Tables 7 and 8 ). This result would indicate that the children's education is not a significant determinant of the family size in the informal settlements.
This behaviour can be explained by the relatively low proportion of parents who are educated in the informal settlements. Indeed, only 19% of mothers and 27% of their husbands have at least a primary school level education (see Table 2 ).
It is important to note that the effect of the number of children on school enrolment for the compliers is negative ( Tables 7 and 8 ). These results can be explained by the fact that enrolment in public primary schools is almost free and that the opportunity cost to enrol children in primary school is not high because they are too young to be used in the labor force. However, enrolling them in post-primary school is more costly (direct cost and opportunity cost). First, the fees are higher than for primary school, and the transport costs increase because there are significantly fewer post primary schools than primary schools. Second, regarding opportunity cost, children are physically able (from the point of view of their parents) to help their parents in their employment activity.
6.1.3. Settlement comparison. In this section, we compare the impact of the family size on educational attainment in the two settlements. Notice that a naive comparison of the regression coefficients of the family size variable suggest that the trade-off quantity quality is more pronounced in the formal settlement. However, as explained previously, we cannot compare this impact by merely looking at the point estimate reported in Tables 7 and 8 due to the settlement-specific unobserved heterogeneity. Therefore, in this section, we compare predicted probabilities to reach the post-primary educational attainment by settlements. Predicted probabilities are calculated employing the child and household characteristics used in the post-primary school attainment analysis. Adapting Long's (2009) method, we make settlement comparisons for some fixed characteristics. We have multiple covariates, so we could estimate and compare multiple counterfactual probabilities. To be parsimonious, we focus on those that are more relevant to policy makers. We define two groups of individuals. First, children with a favourable background are defined as those with characteristics which have a significant, positive effect on post-primary school attainment. In this category, we include non-Muslim individuals with the highest standard of living index, whose parents have at least a primary-school education and work in an activity in which children can not participate. Children with unfavourable background are defined as individuals with characteristics which have a negative effect on post-primary school attainment. In this category, we include Muslim individuals with the lowest standard of living index, whose parents gave never been enrolled in school and work in an activity in which a child could participate. We hold continuous variables at their mean. Figure 2 shows the predicted probabilities to reach the post-primary school level by gender and by settlement type. Above are individuals with an unfavourable background, and below are individuals with a favorable background. As expected, we observe that the probability of reaching the postprimary school level decreases with the number of children. The adverse effect of family size is more severe for children with an unfavourable background. We observe that, for families with the same observable characteristics, the probability of reaching post-primary school is higher in the formal settlements than in the informal settlements. Figures 3 and 4 provide more detailed information on this trend. In Figures 3 and 4 , we calculate the difference of the probability of reaching the postprimary school level between the two settlements, for every standard of living index The main result is that this difference is consistently positive and significant at the 90% confidence level for families with high and middle standards of living (see Figure 4 ). This suggest that the trade-off quantity quality is more pronounced in the informal settlement. In terms of magnitude, we do not notice any significant gender differences in both favourable and unfavourable backgrounds.
Overall, the settlement differences are low when the number of children in the family is low or high.
These differences become larger around the average number of children per family, at which point the difference ranges from 0.15 to more than 0.30, depending on the family's standard of living. When the number of children in the family is low (less than 3), settlement differences are similar whatever the family's standard of living. When the number of children is high (more than 3), we observe that the higher the standard of living, the greater the difference between formal and informal settlements.
At the 90% confidence level (see Figure 4 ), these differences become significant, especially for children from families with middle and high standards of living and an unfavourable background. One can ask why there are significant differences between formal and informal settlements even the family and children have the same observable characteristics. These differences can be explained mainly by a potential specific-settlement, unobserved heterogeneity. Indeed, the school quality may be extremely different in the two settlement types. The differences might also be explained by settlement peer effect. Indeed, informal settlements are composed mostly of households with low standard of living (see Tables 1 and 2) , so there could be a spillover effect of educational behaviour by poor families on 6
The standard of living is not included in the definition of favourable and unfavourable backgrounds.
the small number of wealthy families. One goal of the PDDEB was to reduce regional disparities; in the following sections, we assess whether the PDDEB has helped to reduce such disparities between the two settlement types.
6.2. Further analysis: Impact of the PDDEB program. The main objectives of the PDDEB were to improve the primary schooling rate, particularly for girls, and to improve primary school quality. Our empirical specification yields the following results for our sample.
6.2.1. Formal settlements. Table 7 column (1) shows that the PDDEB program has a positive and significant effect on the school enrolment rate. When we interact the PDDEB-S and gender (girl), the results in column (2) have the same point estimate, but it is no longer significant, which suggests that the impact of the program is the same for girls and boys. Additionally, Table 8 shows no significant impact of the exposure from PDDEB on post-primary school attainment, but even though it is not significant, the negative sign of the impact is surprising. It is worth noting that one policy of the PDDEB program was to forbid repeating all odd grades in primary school and to keep the rate of repetition in even grades below 10% (except for the last grade, called CM2). The main challenge occurs in the CM2 grade when students needs to pass a national exam to be able to access postprimary school. This policy would have spillover effects, by decreasing the level of effort exerted by children and then their academic performance, which would eventually reduce their chance of passing the national exam. This spillover effect would be severe for those who had been exposed to the PDDEB for a longer time. Indeed, over these 10 years, according to the statistical yearbooks of the Ministry of Education, the success rate on the national examination of primary level was 62.5%
at the beginning of the program in 2001 and 64.0% at its end in 2011, despite the great improvement in enrolment in the first grade of primary school (from 45% to 86%, nationally). This policy should explain this negative sign. Policymakers should be aware that this policy can severely affect the long-term educational quality of the children in Burkina-Faso, even if it significantly increases the primary school enrolment rate.
6.2.2. Informal settlements. Table 7 column (1) shows that the PDDEB has a positive but insignificant effect on school enrolment. However, when we interact PDDEB-S and gender (girl), the results suggest that the PDDEB had a strong and significant positive effect on girl's school enrolment compared to boys. The relative gender differential in the PDDEB's effect on school enrolment rate can be explained by the fact that, before the plan, the gender differential in school enrolment was high in the informal settlements. Indeed, in this type of settlements, among those who are not exposed to the program, 26% of girls were not enrolled in school compared to 18% for boys. Table 8 shows that, as in the formal settlements, exposure to the program had no significant impact on the post-primary school attainment, but the sign is also negative. The same explanation as in the formal settlements also holds for the informal settlements.
6.2.3. Settlement comparison. Although our results suggest that the PDDEB did not have a significant impact on the post-primary school attainment in either settlement type, we want to see if the PDDEB reduced disparities in post-primary school attainment between the two settlement types. Figure 5 presents information on how exposure to the PDDEB and the number of children in the family affect settlement disparities in the post-primary school attainment rate. We define three degrees of exposure to the PDDEB: individuals not exposed to the PDDEB, those exposed for 1 to 3 years, and those exposed for more than 3 years (4-6 years). The definitions of children's background are the same as used previously. Figure 5 demonstrates three main findings. First, the differences between formal and informal settlements are always positive even if they are not significant, which suggests that there is a comparative advantage to living in the formal settlements for post-primary school attainment. Second, the results suggest that exposure to the PDDEB reduces settlement disparities in the post-primary school attainment rate. This result suggests that the spillover effect of the no-repeating policy on the children's level of effort is more pronounced in the formal settlements than the informal settlements. Finally, this reduction of disparities is more pronounced for girls than boys. Indeed, Table 8 shows that girls are more likely to reach the post-primary school level than boys. Therefore, as the PDDEB significantly increases the enrolment of girls in the informal settlements, it decreases the disparities between the two settlement types.
Conclusion
In this paper, we investigate disparities in educational attainment between formal and informal settlements in Ouagadougou. We focus on differences in families behaviour towards schooling in the two settlement types, in particular the trade-off between child quantity and quality. Moreover we analyze the impact of a Ten-Year governmental educational program PDDEB on disparities in educational attainment between both settlements. Our first main result suggest evidence of a quantity-quality tradeoff in both settlements with more pronounced effect within the informal ones. Additional results suggest the existence of settlement-specific unobserved heterogeneity such as school quality and settlement peer effects even after the PDDEB which creates a comparative advantage from living in formal settlements. Therefore, to reduce such disparities, we recommend prioritizing actions to improve school quality in the urban informal settlements. Also, these results
show that efforts to keep children in school should not be directed only towards rural areas. In addition to reducing schooling costs in some urban areas, particularly informal areas, special emphasis should be put on raising awareness about the benefits of education for childrens' and families' welfare. Finally, in the methodological point of view, our results show the importance of accounting for unobserved heterogeneity among subpopulations in explaining a variety of phenomena, implementing policy, and analyzing the impact of governmental policy. (1) Probit regression of the presence of twins in the family (2) Probit regression of school enrolment (3) Probit regression of post-primary school level of attainment Robust standard error in bracket 
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